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ABSTRACT 


Beach-elevation measurements were made and sand 
samples were collected daily along a profile extending 
from the back of the beach out to a water depth of ap- 
proximately 23 feet. Wave and tide data were measured 
continuously at the site. The beach is well sheltered, 
and low swell parallel to the beach predominates. 

Offshore-onshore movement of the plunge point by 
the tides exerts a large influence on the textural para- 
meters which move on and off shore with the moving plunge 
point. The magnitude of textural parameter values in- 
creases with decreasing wave steepness. It appears that 
transport of large sand grains by wave and tide action 
produces the observed textural patterns. 

Profile changes are greatest during mid-tide stages 
when the water level and position of the plunge point are 


changing rapidly. 
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Many investigations of sand movement on natural 
beaches have been made previously. Most of these were 
characterized by long sampling intervals and incomplete 
wave data (Bascom, 1953; Inman, 1953; Trask and Johnson, 
so. lunan ang KRUenak, L956. Trask, 1959). “Howeyer eat 
least three studies have been made with sampling intervals 
of several hours or less (Inman and Filloux, 1960; Strah- 
ler, 1964; Ingle, 1966), but these were of very short du- 
ration. A once-daily sampling interval extending over a 
period of about two months has been used with some success 
(Rohrbough, Koehr, and Thompson, 1964; Harlett, 1967). 

The study by Harlett, which is limited to the inter- 
tidal portion of the beach, is probably the most compre- 
hensive to date in relating beach profiles and sand pro- 
perties to changing wave properties. However, the major 
shortcoming of his study is the fact that it did not in- 
clude the surf zone which is the portion of the beach pro- 
file that undergoes the most turbulent water motion, and 
which this investigator believes to be the area of great- 
est sand movement along the beach profile. 

The objective of this field investigation was, in 
effect, to extend Harlett's work by studying the behavior 
of the entire beach. To accomplish this, sand samples 
and profile measurements were taken daily at the same lo- 
cation studied by Harlett, and wave action was recorded 


continuously. Initially the plan of investigation was to 


relate changes in the beach profile and in sand proper- 
ties, empirically to changing wave parameters. Early 
examination of the field data revealed that sand pro- 
perties were closely related to the outermost breaker 
point or plunge point of the waves. Therefore the ob- 
jective was shifted mainly to investigating the relation- 
ships between sand properties and the location of the 


plunge point, which moves with the changing tide level. 


2. Geographical Description of the Area 
a. Del Monte Beach 
The beach profile studied is located on Del 
Monte Beach in the southern end of Monterey Bay, Cali- 
fornia (Figure 1): The inner shoreline of the bay is, 
for the most part, one long continuous sand beach from 
Santa Cruz to Monterey Harbor. Immediately adjacent to 
the harbor, the sand beach gives way to a rocky shore. 
The exposed portion of Del Monte Beach has a 
slope of about 1:20. It is composed of medium-to-fine 
siliceous sand in which the dominant minerals are quartz, 
quartzite, and feldspar. Under some surf conditions, 
cobbles two to three centimeters in diameter are deposited 
sparsely on the beach. The field investigation was made 
about one-half mile from Monterey Wharf No. 2. 
b. Wave and Tide Conditions 
The location of Del Monte Beach and the off- 
shore topography of Monterey Bay are such that nearly all 


waves entering the bay from the open ocean are refracted 
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so as to arrive as low swell with their crests parallel 
er nearly parallel to sheme. Plunging breakérs gamegehe 
most common, and wave heights normally do not exceed 
three feet. Surf intensity increases toward the north 

as the ocean exposure increases. The tides in Monterey 
Bay are mixed, and the range between Mean Lower Low Water 


(MLLW) and Mean Higher High Water is 5.3 feet. 


3. Measuring and Sampling 
a. Sampling Stations 

Sand level measurements and samples were taken 
along the profile at the stations shown in Figure 2. Sta- 
tions 27-46 consist of railroad rails C@hereatear called 
the "rail line" or "rails") driven intompie sane, Sihece 
are the same rails used by Harlett in his investigation. 
Rail 46 was designated as the reference rail and all dis- 
tances along the profile were measured relative to this 
rail. These rails were last surveyed and their elevations 
relative to MLLW established on 14 January 1968. 

Stations 101 and 1-26 were placed in position 
for use in this investigation. These stations consisted 
of a three-foot flexible buoyant line attached to a l6- 
inch metal corkscrew which was screwed into the bottom 
(Figure 3). Stations 11-26 were placed at 10-foot inter- 
vals through the surf zone. Past the surf zone little 
sand movement was expected so the interval between sta- 
tions was increased to 20 feet. Station 101, a sand san- 


ple station only, was placed 40 feet seaward of station 1. 
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b. Measuring and Collecting 
(1) Difficulties Encountered 

A major difficulty encountered was that of 
taking measurements and samples in the surf zone. Even 
with the low waves that occurred during the study, it was 
difficult to work in a zone 20 feet on either side of the 
plunge point. Just outside the surf zone the wave surge 
caused movement of the divers (equipped with standard 
SCUBA gear with additional weights to aid in maintaining 
position) of from 5 to 10 feet in either direction as each 
wave passed. The underwater visibility during the study 
ranged from eight feet to a few inches, depending on dis- 
tance from the plunge point. To aid in locating the sta- 
tions systematically, a guide line was installed along the 
PEG@milewEsom Station Zl £o Station lOl. The line vas al- 
lowed to float clear of the profile and was marked at the 
same intervals as the profile stations. 

(2) Profile Measurements 
(a) Measuring Methods 
Measurements of sand levels along the 

rail line were made relative to the rail top with a two- 
meter lone, T-shaped samt. The cross arm.of the T llow- 
ed the staff to bridge scour depressions around the base 
of the rails. The readings were made by placing the staff 
against the rail and sighting across the highest portion 
of the rail to the horizon. This method was used on the 


exposed portion of the beach or whenever wave conditions 
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were quiet enough to allow it. When waves were moving 
past the rails, the @@aft could not ber left in piae@e mone 
than a moment or two, otherwise the sand would erode from 
under the staff and erroneous readings would be obtained. 
Under these conditions, the staff would be placed against 
the rail, the height quickly marked, and the staff removed 
and read. Under the worst conditions, the readings were 
considered accurate to the nearest centimeter. 

Sand-level measurements at the sea- 
ward stations (Stations 1-26) were made using a one-meter 
long T-shaped staff made of a metal rod with a meter stick 
attached. Measurements were made by pulling the buoyant 
line (Figure 3) to a vertical position, placing the staff 
next to the line, and reading the distance from the sea- 
floor to the top of the line. No difficulties were en- 
countered in taking measurements in water depths greater 
than 15 feet. 

(b) Conversion of Measurements 

The staff readings taken on the rail 
line gave the distance from the top of each rail to the 
sand level. Table 1 gives the measured elevation of the 
rails. The actual elevation of the sand at a rail rela- 
tive to MLLW was obtained by subtracting the reading at 
the rail from the rail elevation. 

The absolute seafloor elevations at 
the offshore stations were obtained in the following way. 


On a day when the waves were low (11 April), water-depth 


lo 


TABLE I 


Profile Reference Elevations 
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measurements were taken along the profile and were ad- 
justed to MLLW (Table 2). Readings were taken at the 
same time of the distance from the sea floor to the top 
of the measuring lines, and were subtracted from the depth 
to give a regenera depth to the top of each measuring 
line relative to MLLW (Table 1). By adding the staff 
readings ta@kén at each station to the reference @epth of 
that station, the daily sand level relative to MLLW was 
established. 
(3) Sand Samples 

Sand samples were difficult to take at the 
underwater stations. With the expectation that the sand 
at the very surface would reflect the wave conditions pre- 
vailing during the sample interval, care was taken to sam- 
ple only the uppermost layer of sand. At first a small 
scoop designed for this study was used to collect the sand 
samples (Figure 4). The clear plastic top was used in or- 
der to be certain the scoop was empty prior to taking sam- 
ples. The pouring spout at the end enabled the sample to 
be transferred to a collection bottle with no apparent 
loss of sample. However, use of the scoop proved imprac- 
tical because working in the surf zone and collecting san- 
ples with the scoop under heavy surge action required more 
hands than were available. One half-pint, plastic refrig- 
erator jars were substituted. The jar was scraped over 
the sand to obtain the samples, care being taken to ensure 


that the samples came from the topmost inch of the bottom. 
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TABLE 2 


PROFILE DEPTH MEASUREMENTS ON 11 APRIL, 1968 


Station Number Depth Relative to MLLW (feet) 
101 ~23.0 
1 21.25 
3 -15.5 
5 12,6 
7 =e 
9 = B48 
ll 75,0 
13 2.6 
15 - 3.0 
17 =kS 
19 - 1.0 
21 = 6.8 
Ie 0.0 
25 0.5 
a, 1.0 
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Sand samples were collected at a position two or 
three feet to the side of the station”at odd=numberéd sta- 
tions along the profile (Figure 2). Samples were not col- 
lected on the beach above the previous day's high water 
mark. . | 

(4) paeaueney of Observations 

Sand samples and sand-level measurements were 
taken daily during the 30-day period from 25 March through 
23 April 1968. From 25 March to 31 March the sampiamng 
time was 1400, but on 1 April the time was shifted to 0800 
in the hope Or deride better wave conditions in the morn- 
ing. Surf conditions were such that underwater readings 
were not attempted on 6 April and 20 April. Partial pro- 
files and samples were taken on some other days due to 
the surf action. 

(5) Wave and Tide Records 

Waves were recorded continuously by a Mark IX 
(Snodgrass) pressure-type sensor located 220 yards off- 
shore from Rail 2/7 and about 30 yards off the profile 
line (Figure 1). The instrument is mounted on a tripod 
three feet above the bottom in 30 feet of water. The ana- 
log recorder is located at the Naval Postgraduate School, 
and during the field investigation it was set on a 10- 
foot height scale. The recorder was run at slow speed (3 
inches per hour), with a five-minute fast trace (3 inches 
per minute) recorded every four hours. The slow trace 


portion of the record was used to obtain wave heights and 
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the fast trace was used to determine periods. The wave 
recorder operated continuously during the study except 
for the period from 0800 on 11 April to 1400 on 12 April. 

In addition, the location of the outermost Dreak- 
ers at the time of each daily observation was recorded 
with reference to the profile. 

Tide information was taken from marigrams re- 
corded on a standard tide gauge located on Monterey Wharf 
No. 2 (Figure 1). The tide gauge is operated by the Na- 
val Postgraduate School. 

The location of the plunge point, height of the 
tide, and wave heights at the time of observations are 
shown in Figure 5. 

(6) Miscellaneous Observations 

The existance of cusps at the time of the obser- 
vations was recorded and the general dimensions and loca- 
tion relative to the rail line was noted (Appendix A). 
Cusps were present on 15 days. In general the rail line 
was the center of a swale. The cusps usually measured 
100 feet from apex to apex. They occurred at the high- 
tide portion of the beach and always were subdued. Wind 
observations also were made daily at the time of the pro- 


file measurements (Appendix A). 


a Data Reduction 
a. Profile Dawa 
The daily sand level readings, made in centi- 


meters, were converted to elevations in feet relative to 
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MLLW (Appendix B). Daily profiles were then plotted and 
are shown in Figures 6a through 6d. Daily profile changes 
are found in Appendix C. 
b. Sand Pieperties 

Of the 500 to 600 samples collected, 319 were 
selected for analysis so as to give a representative pic- 
ture of the distribution of sand properties across the en- 
tire profile every day. The samples were dried at a tem- 
perature between 96 and 100 F, and were sifted on a me- 
chanical shaker through a set of U. S. Standard Sieves 
having the following mesh diameters (in mm): 3.962, 1.981, 
0.991, 0.495, 0.351, 0.246, 0.175, OF 124, 0.063, Sane wee 
The cumulative weight of the sand coarser than each sieve 
size was then determined directly by reconstituting the 
sample fraction-by-fraction beginning with the coarsest 
fraction. A computer program then converted this to a 
cumulative distribution by percent and plotted the cumu- 
lative distribution curve. These curves were smoothed by 
hand and the grain diameters at the 95th, 84th, 50th, 
loth, and 5th percentiles then were read. The diameters 
in millimeters were converted into phi units where, follow- 
ing notation by Inman (1952), 

Dp = - logd (mm) 

The phi diameters were then used to compute the following 
parameters for each sample: 


(1) Median Diameter, M4 the value of the 50th 
percentile. p 
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(2) Mean Diameter, M@ : 
Mp = 3(Da, + 46) 
(3) Standemd Deviaeion, : 
Op = 2(Og4 - Pig) 
The standard deviation is a measure of the sorting of the 
sand. If the sorting is perfect, then 6d =0.0 . Good 
sorting for beach sand is indicated by values of 6@ € 0.5 


(Shore Protection, Planning and Design, 1966). 


(4) Skewness, Xd | Ry 0 
xGe = Mie — The 
The skewness is a measure of the assymetry of the sample 
about the median. Negative values indicate that a sample 
is skewed toward coarser sizes and positive values indi- 


Cate skewness towara filmer Sizes. 


(5) @ Kurtosis, Bo . (bas - Oe) — 6 
So = 2 Sp 


Kurtosis is a measure of the peakedness of the grain-size 
histogram, or the concentration of grain sizes about the 
mean. For a normal distribution, er 0 5185) - 

Values of the median diameter, standard deviation, 
skewness, and kurtosis are found in Appendices D, E, F, 
| and G. 

c. Wave and Tide Data 

The wave heights were obtained from the slow 
trace of the analog recorder by a rapid technique devel- 
oped by Thompson (1968), which is illustrated in Figure 7. 
The method involves estimating the crest amplitude, Ac, 


and the trough amplitude, A,y, such that 3 of the crests 
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are higher and 1/3 of the troughs are lower than that am- 
plitude. Both amplitudes are estimated beacuse of the 
asymmetry of waves in shallow water. The sum of Ac¢ and 
At is H33, the wave height such that 1/3 of the waves are 
larger than this height. This parameter was converted 
into significant height, Hij3, by use of the following 


relationship from Pierson, Neumann, and James (1955): 


2.08 VE 
2.83 VE 


133 
Hh/3 


Sothat 
PV Lies :36 H33 

This computation gives the significant height of 
the waves as measured at the underwater sensor. Using the 
pressure response factor, K (Wiegel, 1964), the values of 
Hjj3 at the sensor were converted to Hjjz at the surface. 
No correction was made for the three-foot height of the 
recorder above the seafloor because the correction is 
small. In addition, no corrections were made for the 
depth changes due to the tides although this correction 
should not be neglected in the case of very short period 
waves. The values of Hj, at the surface were then con- 
verted to Ho , the initial deep water height in the ab- 
sence of refraction, using the associated wave periods 
(Wiegel, 1964). 

Wave periods were determined from the five- 
minute fast portion of the trace using well-defined se- 


quences of the dominant waves. 


ol 


From the above parameters the wave steepness, 
i 


pen 
Te? 
hourly and averaged over a four-hour period (Appendix Hoe 


was determined. The above parameters were computed 


Tide hei@hts weed in this study were read di- 
rectly from the marigrams and are tabulated in Appendix 
A and Appendix I. The datum to which all elevations are 


referred in this study is MLLW. 


3 Analysis of Data 
a. General Remarks 

Examination of the field data revealed a pattern 
of coarse and fine sand along the profile. . The pattern 
was not stationary, but shifted along the profile from day- 
to-day. Ona daily basis when the location of the coarest 
sand on the profile was plotted against the observed loca- 
tion of the outermost breakers, a definite relationship 
was found to exist. It was found that zones of coarse and 
fine sand followed the position of the plunge point as it 
migrated back and forth across the beach. Figure 5 shows 
that the position of the plunge point was determined pri- 
marily by the state of the tide on Del Monte Beach and 
that day-to-day changes in wave height were not sufficient 
to produce the large changes in the observed plunge-point 
loca@telorm 

With regard to the daily changes in sand level 
observed in the profile, it is evident that the actual 
movement of sand on a beach is determined, in a complex 


way, by the wave intensity and the amount of tide change 


6 


on the beach. The tides ordinarily cause two transits of 
the plunge point across the beach each day. Changes in 
the profile (shown in Figures 6a-d) measured at twenty- 
four hour intervals therefore represent the net changes 
brought about by the twice-daily transit of the breaker 
zone across the beach due to the changing tide. Accord- 
ingly, this investigator believes that there is little 
probability of finding meaningful relationships between 
these profile changes and the changing wave conditions, 
or between profile changes and the changing location of 
the plunge point. Therefore, an attempt to relate pro- 
file changes to changing wave conditions generally was 
abandoned, and possible relationships between sand pro- 
perties and wave and beach characteristics were investi- 
gated. 
b. Profile Features 

The profile can be divided imto Ehree zones, 
the intertidal portion of the beach, the surf zone, and 
the offshore zone (Figure 2). The intertidal zone, ap- 
proximately 190 feet in width, has a fairly constant 
Slope of 1:20 and terminates in a beach flat at the ap- 
proximate elevation of MLLW. The surf zone, which ac- 
tually overlaps the intertidal zone, is considered here 
to extend from 190 to 310 feet from the reference rail. 
The mean slope in this zone is almost level, but many 
small irregularities occur and the zone is an area of 


large and numerous profile changes. The offshore zone 


a3 


extends from 310 feet to the seaward end of the profile. 
This zone has both steep and flat slopes and undergoes 
little change in sand elevation. The terrace at 440 to 
490 feet from the reference rail, which ends at a steeper 
slope to seaward, may represent a beach profile produced 
by storm waves at an earlier date. 

Figure 14 shows the location of well-defined 
bars and depressions on the profile and the plunge point 
during the study. Nearly permanent depressions existed 
at locations 310 feet and 190 feet from the reference 
rail. These depressions were in general about twenty 
feet wide, Numerous other depressions existed between 
the two semipermanent depressions. All the depressions 
probably are scour depressions created by waves. Two 
distinct bars usually existed on the profile. One was 
located about 340 feet from the reference rail and the 
other 250 feet from the reference rail (Figures 6 and 8). 
The bar farthest offshore was, in general, 30 to 50 feet 
in width and the inshore bar was about 20 feet wide. In 
the mean, the bar locations were permanent although the 
offshore bar moved inshore about 10 feet on 7 April. The 
location of the highest point of the bars fluctuated 
slightly during the study, but the changes were not di- 
rectly related to wave parameters. 


c. Relationships Between Sand Properties and the 
Plitmee. Po isa 


(1) Median Diameter 
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Zones of coarse and fine sand closely fol- 
lowed the movement of the plunge point throughout the sur- 
vey (Figure 8). A zone of coarse sand was found at or 
just inshore of the plunge point on 18 of 26 days. This 
zone contained the coarsest sand on the profile for any 
given day on all but three days, and hereafter referred to 
as the coarsest zone. On those three days the com@esest 
sand was found in the most seaward zone of coarse sand 
(near Station 5). These were days when the wave height 
was below 0.65 feet, and it is suggested that the wave 
height may not have been large enough to effectively move 
or sort the sand. 

When the values of the median diameter at 
each station were averaged for the thirty-day period, it 
was found that the coarsest sand on the profile occurred 
at the station closest to the average position of the 
plunge point (Figure 11). The general range of grain 
diameter and other sand parameters along the profile also 
may be seen in the figure. Note that the sand became 
distinctly finer seawaed @2 Staeion 5. 

A zone of fine sand existed on both sides 
of the zone of coarsest sand. These two zones, as do the 
other nome of minima and maxima, also followed the plunge 
POLNE positwen. 

(29) Soreing 
A pattern of relative maxima and minima ° 


also existed in the distribution of the standare deviation 
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values. A zone of poor sorting (large phi deviation) was 
located near the plunge point (Figure 9) and followed its 
movement. This zone was the location of the most poorly- 
sorted samples on 26 of 28 days, and was found shoreward 
of the plunge point on 16 of 24 days. An adjacent zone 
of better sorting was found seaward of the plunge point on 
20 of 25 days, and another adjacent zone of better sorting 
was found shoreward of the plunge point on 2/7 of 2/7 days. 
Other zones of maxima and minima also followed the move- 
ment of the plunge point, Averages of the deviation 
values at each station during the study shows that the zone 
of poor sorting was also near the average location of the 
plunge point (Figure 11). 
(3) Skewness 

Skewness values also revealed a pattern 
that followed the movement of the plunge point (Figure 10). 
A zone of negatively-skewed sand is located near the posi- 
Bion of the pliinge point. @n 19 of 24 days this zone con- 
tained the most negative values found on the profile. 
Average values of skewness are plotted in Figure ll. 

(4) Kurtosis 

A pattern of maxima and minima of kurto- 
sis values also existed on the profile, but the pattern 
shows no apparent relationship to the plunge point. 
Average values of kurtosis are plotted in Figure ll. 
Kurtosis values were eaiso tested for relationships with 


the median diameter, standard deviation, skewness, and 
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wave steepness; but none were found, 
d, Interrelationships Between Textural Parameters 

Figure Ll shows that when average values of 
median diameter and deviation are compared, the poorest- 
sorted zone coincides with the zone of coarsest sand, and 
also that the adjacent zones of better sorting coincide 
with zones of finer sand. Comparison of Figures 8 and 9 
reveals that stations with coarsest sand and poorest sort- 
LDS mgeamncigdedwon 11 of “2gmdagrs’ 

It was also found that a relationship exists 
between the degree of coarseness and degree of sorting 
over the entire profile, Values of the median diameter 
and deviation are plotted in Figure 12 for the special 
case of those samples taken from the coarsest zone, and 
these values reveal the same relationship. 

A definite interrelationship also exists be- 
tween the skewness of a sample and the coarseness and 
sorting of the sample. Of the 319 samples analyzed 38% 
were skewed negatively; however, samples from the coarse- 
grained stations near the plunge point were skewed nega- 
Bively in 681% of the cases, and samples from the poorly- 
sorted zone near the plunge point were skewed negatively 
Mmievl, of the cases. in addttion, on 15 of 2S daysuthe 
station with poorest sorting coincided with the station 
of maximum negative skewness. 


e, Relationship of Sand Parameters to Daily Pro- 
file Changes 


G1 


Examination of the profile in connection with 
the sand properties shows that the areas of coarsest and 
most poorly sorted sand tended to be found where the pro- 
file filled during the previous 24 hours (Table 3). 


f. Relationship Between Median Diameter, Sorting, 
and Wave Steepness 


Not only did the sorting of samples become poor- 
er with imcreasing coarseness, but thes rekatiromship was 
affected by the wave steepness at the time of the obser- 
vations (Figure 12). As the wave steepness decreased, the 
sand samples became coarser and more poorly sorted, and 
the converse is also true. This indicates that long, low 
waves are less efficient sorters of sand than short, “choppy 
waves. 


g. Relationship Between Median Diameter and Profile 
Slope 


Table 4 presents values of the average slope and 
the average median diameter at the sampling stations. 
Slope values were determined by estimating an average val- 
ue from the profiles of 25 March and 23 April. No rela- 
tionship between median diameter and slope was found on 
any part of the profile. The intertidal zone had a wide 
range of slopes with a nearly constant median diameter. 
The surf zone had, in general, a level profile with many 
small undulations and a wide range of median diameter val- 
ues. In the offshore zone, the median diameter did not 
show a relationship to slope but decreased with distance 


seaward from Station 5. 
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TABLE 3 


Profile Slope vs. Median Diameter 


Station Average Slope (Av/Ax) Average Median Diameter 


( units) 
1 0.20 Jagal eye 
5 0.10 1.82 
9 0.165 1.98 
13 0.02 1.97 
. 17 0.06 1.86 
a 0.02 1.70 
Uh OFo00T eos 
29 0.025 1.79 
38) OFO2Z5 Pees 
37 0.06 1.89 
41 0.065 1.86 
45 0.020 1.87 
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TABLE 4 


Relationship Between Sand Properties 


and™eeerrle Cut and Fill 


Number of Dayssof Cut aga Fill 


Parameters Cut No_Change Fill 
Largest Median Diameter* 6 9 12 
Largest Deviation Value* 2 8 ded 
Largest Negative Skewness* ll Z 8 
Largest Kurtosis Value 6 if iy 


4 
é 


* The figures refer to the coarsest sample, the most 
poorly sorted sample, and the most negatively skewed 


sample collected near the plunge point each day. 
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h. Profile Shape and Profile Changes in Relation 
to Varlouceracters 


(1) Relationship Between Profile Activity and 
Tide Changes 


Figure 13 shows the number of stations on 
the profile which had a 0.25-foot change in sand elevation 
during the twenty-four hour sampling interval. It also 
shows a plot of the number of hours to the nearest tide 
change. Near the time of a tide change little activity 
occurs, while more activity takes place at mid-tide levels. 
Since evidence in the form of changing sand properties in- 
dicates that changes in the profile occur during each tide 
rise or fall, then the change based on a twenty-four sam- 
pling interval would not necessarily be expected to show 
the above relationship. This relationship can be explain- 
ed satisfactorily only if the beach assumes nearly the 
same profile at each high and low tide level when water- 
level changes are small, but has a rapidly changing pro- 
file at mid-tide levels when water level changes are com- 
paratively large. Large changes in wave conditions can 
alter the above relationship. On l6-l1/7 April, when a 
large number of changes occurred along the profile, the 
wave height was higher than normal and may have sifnifi- 
eanitlywamtered the profile sc that on 1/ April it did nee 
assume the high tide shape of the day before. 

No other relationship was found (or was 
expected to be found for the reasons stated in paragraph 


5a) connecting the changes in the beach profile and changes 
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in wave properties, other than that the area under the 
breaker zone experienced the most activity (Figure 11). 


(2) Relationship of Depressions on the Pro- 
file to Wave Action 


The two semipermanent troughs located at 
190 and 310 feet from the reference rail may have been the 
result of wave activity at the high and low tide levels 
(Figure 14). The plunge point remains at a given loca- 
tion for the longest period at high and low tide stages 
because the turning of the tide maintains the water level 
constant for a considerable period of time. Wave action 
therefore may act at this point long enough to create a 
depression which, although cut and filled to some extent 
by wave action at other tide levels, remains as a semi- 
permanent feature of the profile. The other depressions 
were temporary in nature, possibly having been formed by 
a transient wave position passing over that location. 
Some of the depressions also could have been temporary 
rip channels running across the profile, although sand 
samples taken at these locations were not coarser than 
normal as is sometimes the situation in rip channels 
(Ingle, 1966). 


(3) Relationship between Bars and Profile 
Cub and fii 


On most days when the highest point on the 
bars changed location, it is possible to relate the changes 
in location to local cut ~ama@erili= on the profile adie 
the preceding twenty-four hours (see 16-17 April, Figure 
bee 
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i. Summary of Principal Findings 

(1) Alternating zones of maxima and minima of 
each sand property (median diameter, standard deviation, 
skewness, and kurtosis) were found to lie parallel to the 
shoreline. 

(2) These zones moved onshore and offshore with 
the changing tide. 

(3) The zones of coarsest, most poorly sorted, 
and most negatively skewed sand were found at or near the 
plunge point. 

(4) The zones of most poorly sorted sand and 
most negatively skewed sand usually coincided with the 
zone of coarsest sand, and zones of better sorted and 
positively skewed sand were related to finer grained sand 
zones. 

(5) The sand on the profile became coarser and 
more poorly sorted as the wave steepness decreased, and 
finer and better sorted as wave steepness increased. 

(6) The number of stations exhibiting changes 
on the profile during a twenty-four hour period is evi- 
dently a sore ato of the tide stage. Few profile changes 
occurred near high or low tides, while changes were nu- 


merous during mid-tide stages. 


6. Conclusions 
Sand on Del Monte Beach displays definite patterns 
in the distribution of its textural properties. Zones of 


maxima and minima of median diameter, standard deviation, 
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skewness, and kurtosis are found parallel to the shore- 
line. The zones coincide to produce zones of coarse, 
poorly sorted, negatively skewed sand and zones of finer, 
better sorted, positively skewed sand. The steepness of 
the waves incident on the beach apparently determine the 
magnitude of the textural parameters--the steeper the 
waves the finer and better sorted is the sand. The pat- 
terns of sand properties move on and off the beach under 
the influence of the tides. 

There are two ways in which the observed zones of 
coarse sand could have been formed. One is by the removal 
of the small grains from the zone and the other is by the 
addition of large grains. Both can produce zones of 
coarse sand with predominantly negative skewness values. 
However, the fact that the sorting of a sample became 
poorer as the sample became coarser means that large grains 
must be transported with the moving plunge point and that 
Fine grains must remain in essentially the same loca- 
tion. Transport of large grains to a zone near the plunge 
point aliger produces the adjacent Zone cuor sammcr mae mirc 
sorted sand. These field observations are similar to the 
laboratory results obtained by Ippen and Eagleson (1955). 

The change in tide level, which causes the migration 
of the sand properties across the beach, also influences 
the shape of the profile. It appears that the beach has 
one profile which is formed at each high tide and another 


profile which is formed at each low ti@e: The aweunt or 


Sel 


change which occurs on the profile is related to the tide 
stage. The greatest change on the profile occurs at mid- 
tide levels and the smallest occurs at high and low tide. 

This investigator believes that if a sampling inter- 
val of a few hours were used instead of the 24-hour inter- 
val used in this study, it would be possible to relate 
profile changes to varying wave and tide conditions, and 
also to differentiate between the effects of waves and 


tides in altering the profile and sand property patterns. 


52 








IG 


BIBLIOGRAPHY 


Bascom, W. J. The Relationship Between Sand Size 
and Beach-Face Slope. American Geophysical 
UN 1 Otis I tgammeaC toms. ~ V5 S Zee NO@umb, [oe | : 
866-874. 


Haslett... J see Daily Changes in Beach Profile 
and Sand Texture on Del Monte Beach, California. 
M. S. Thesis, U. S. Naval Postgraduate School, 
Monterey, California, 1957. 


Loewe.) Ge The Movement of Beach Sand. Elsevier, 
ll Siteve 


Famer i. Areal and Seasonal Variations in Beach 
and Nearshore Sediments at La Jolla, California. 
Corps of Engineers, Beach Erosion Board, Techni- 
cal Memorandum No. 39,,.March, 1953. 


ia Sy cists) YET leat lone. Beach Cycles Related to 
Tide and Local Wind Wave Regime. Journal of 
Geology, V. 68, No. 2, T9a@e 225-231. 


eee. te , and G. 5S. Rusnak. Changes in Sand Level 
on the Beach and Shelf at La Jolla, California. 
Corps of Engineers, Beach Erosion Board, Techni- 


cal Memorandum No. 82, July, 1956. 


Ippen, A. T., and P. S. Eagleson. A Study of Sedi- 
ment Sorting by Waves Shoaling on a Plane Beach. 
Corps of Engineers, Beach Erosion Board, Techni- 
cal Memorandum No. 63, September, 1955. 


Pierson, W. J., G. Neumann, and R. W. James. Prac- 
tical Methods for Observing and Forecasting Ocean 
Waves by Means of Wave Spectra and Statistics. 
Heo. Pub. No. 603. U. S. Navy Hydrographic 
Grmirce, 1955. 


Rohebough, J. D., J. E. Koéheyeamd Ww. ¢C. Thompson: 
Quasi-weekly and Daily Profile Changes on a 
Distinctive Sand Beach. Proceedings of Ninth 
Conference on Coastal Engineering, American 
Society of Civil Engineers, 1964. 


Seagaioker, a2 -N. Tidal Cycle of Changes in an 
Equilibrium Beach, sandy Meo. |e. Coum= 
bia University, Department of Geology, Technical 
Report No. 7, 1964. 


5). 


iL 


12s 


ES: 


14. 


ioe 


Thompson, W. C. Notes on the Analysis of Analog 
Wave Records. Naval Postgraduate School, 
1968 (in prepasation) . 


Trask, Beer Beaches Near San Francisco, Califor- 
11 Gey LOSS = 157 . Corps of Engineers, Beach 
Erosion Board, Technical Memorandum No. 110, 


April, [gam 
ek eed gC eee eseonnsom Sand Variation at 
Point Reyes Beach, California. Comps of Ha- 


gineers, Beach Erosion Board, Technical Memo- 
Bandum No. aos, Octoberg 1955. 


Shore Protection, Planning and Design. Corps of 
Engineers, U. S. Army Coastal Engineering Re- 
search Center, Technical Report No. 4, June, 
1966. 


Wiegel, R. L. Oceanographical Engineering. Pren- 
tice Hall, lo@e., 


54 


APPENDIX A 


Tide, Wave Height, Plunge Point, Beach Cusp and Wind Data 


at tle Time of ObsServatvemns 


Obs. Tide Height! Tide Wave Height 
Date Time ___(feet)  _Stage_ = Ho’ (feet) _ 
MARCH 
Ze IESi0l0 =e Rising OPS)’, 
26 1500 -0.4 Low a 
oy 1500 O.. 1 Falling G20 
| 28 SOC o..8 Falling Onstsie) 
Zo 1500 r.6 Falling ee 
30 1500 D2 Falling O52 
| 31 1500 O23 Falling Oya ll 
| APRIL 
1 0900 1 Rising 0) a’ 
2 0900 e.9 Rising OE 
3 0900 e.4 Falling ee 5 
4 0900 Ors3 Falling Low 
5 0900 Cry Falling eo 
6 0900 1 Falling bags 
7 0900 i. 8 Falling LE S9, 
8 0900 6.0 Falling NC )es) 
o 0900 4.0 Falling OC) SISK 
10 0900 > Falling Cras 
dk 0900 4.9 Falling 
LZ 0900 4./ Rising IR toile 
is 0900 = .6 Rising ees 
14 0900 ie. O Rising 1.34 
ibs) 0900 iF ..O Rising io 
16 0900 0 re. Rising 2.48 
7 0900 -1.0 Rising 5 SIS) 
18 0900 -0.9 Falling eS: ) 
19 0900 -O.2 Falling ORNs 
20 0900 se Falling Ze 
“adh 0900 yoy) Falling Moye, 
ZZ 0900 oo Falling CZ 
jae: 0900 J Falling 


l. Relative to MLLW 





36, 


Cusps Wind (Kn) 


Date Plunge Point” Present __speed __ 
| 
MARCH 
25 265 | 
26 290 Yes 5-8 
27. 300 Yes 5-8 | 
28 290 Yes 8-10 
29 270 Yes 8-10 
30 240 Yes 5-10 
seialk To Yes 8-10 
APE Aae 
ik 
2 20 No lSe22 
5 2m Yes @ 
4 310 No @ 
5 290 Yes @ 
6 290 Yes @ 0 
ys ZF 0 Yes O 
8 270 Yes QO 
9 190 Yes QO 
10 170 Yes 0 
hd 140 Yes QO 
ee. 160 Yes O 
i 240 Yes O 
14 230 No 
ks 2p No 3-16 
16 290 No 15 
17 3 No O 
18 340 No O 
19 290 No O 
Zi) No 0 
Zk 240 No O 
22 15G No @ 
23 13¢ No 0 
2. Distance from Reference Rail 
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APPENDIX B 


Daily Sand Elevations Relative to Mean Lower Low Water 


(in fects) 
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| = 2 le e2 -18.60 -15.54 ay 12 ~ 1alee9.9 
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/ —2iee “18.72 =. 54 -13.09 = dadqee] / 
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9 <2 eo howeony, =i .41 -13.02 - W209 
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Jeal «2 ace = lee S618, - i. 50 130 -12.00 
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Daily Sand-Level Changes (in feet) 
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APPENDIX D 


Daily Median Diameter Values in Phi Units 


ia 


STATION 


oe ae ee eS Se cee 


yee. | 


Ina som 
a) 
eae eG 
IES) 
ye 
LS, 
2 See 
23 
(Ly al WR SECS 
27 
Ze 009 
Sill 
33 Ae lheee 
38 
SOV ae, 
39 
41 1.621 
43 
45 2.434 


IAP SA 
257 6 

om 
Z30n9 


23029 


ee) | 


L620 


IS UTS, 


eo 


2.000 


1.667 


eee) S) 2, 


Lie 


1.943 


Loos 


I. 662 


DATE 


cc 


ZO 
ae Oe 2, 


13862 


| 299 


1.786 


1A oi ab 


Ea7 56 


1.943 


Probe 


(aE ULOI0, 


TAs) 


2 2 
La07y, 
2-000 
Zs 


2.044 
2 aes 


Zee 


23000 


1.644 


2509 
ee eke 


29 


30 


2.690 


943 


re) 4 


ee yl 
Veg 


NO 


NO BM KB bh 


.286 
BAgllys 
. OS 
ROIS 2 


62 


Bales 
2.vee 


ale 


2 iG 
1.826 


laoreet 


1.77 


22029 


2.028 


Lele 


L689 


2.000 


L943 


bei Qi97 


2.104 


ZROS9 


2. lea 


eee 


alles 





STATION 


April 
_2__ 
mel 2.556 
1 
ol. 9/1 
oF lon / 
: 
y 1.994 
11 
mS 2.000 
m 2.184 
La 
mM 2.171 
Ak 
eee 2 A 
Z 
AG 
a 2 0oS 
Sul 
eS 2920 
55 
ey 22069 
3S, 
41 
43 
45 


2e0 
J ibe JL 5) 2 


le ioull 


“Aisi ay 


Zeer 


1./04 


15862 


ds ills 


1b, oh OV, 


2 kee 


lee 0S 


2. ola 
Pai DDC 


is oy, 


-.3/9 


Liang 9 


1.494 


Lsoy 


ies Jiae, 


1. &@0 


7g be 


oxen, 


209 


v9 


i 


66/7 


ellellis 


TOW 


nO 


50/0 


Bellic 


7 


2.419 
ia |) 


Zone 


leo 2 


LeU aS, 


2.000 


2820 


Proll 


P0577 


2.000 


Weseyleys, 


1.666 


1 Geo 


Isso 0) 


l 7 


Hee one, 


2.184 


Pee 3 


lego'O 


Pe ore 


STATION 
April 
__10 

et 2.252 

i 
3 

Ss ESS, 
7 

o- “2s 2 
lla 

BS Lie3s9 

15 

i 16943 

Ig, 

Zo oe / 

oS 

ao 1eo90 

ay 

ea WaS4 

Sh 

SUMS ies. 

39 

of Sib 

So 

a 1 Set 

43 

45 


2ae4 


Tale 


he olG 


eG 


sD 


] aGe/ 


Le | 


—— oe 


cia 


ON Mie 


2 aie 


lo0 


ie 


— o_o 


Zee 2 
2238 


Zey/ / 


Zr 20 


Zeno || 


Lajos 


es 4 


aga 


80 


2 4286 
Zell. 


2.000 


1.839 


Zao 


Loe 


1.434 


PR ORS, 


Ps) 


280 G 
2a 


ligoo 


laoea 


laeA6 


1.680 


L690 


Tae L 


Poe 


2) 196 


LAS 


i) 7, 


Zee ZO 


1.943 


lcs 





STATION DATE 


ee ae SS Se 


April 
ec 2) 

IORI 2.286 Ze 300 Zea 

IL 22215 2.200 Lee 
3 

5 eon IL chew 

7 

5 Zo 2 ize 2.120 StS 
JEN 

eee 2.108 27035 ZZ eo 0 lie a. 
Ibs 

ee 2.029 i. 556 22000 lea, 15771 
19 
ele 73s §«lEeoG/ 1.796 2.059 1.7686 
ZS 
woe 1592) Lol 
27 a) (peo 
me 2.059 1494 17921 “e723 Wee leer 
S|. 

So 1.900 LGyaS'O 

35 
iver i.98>. 1,786 12837 Woes Ieysse loso2 
39 
a, || MY Sul T3So2 Vases 
a8 
45 


Sl 


APEENPEX <—E 


Daily Standard Deviation Values in Phi Units 





82 





ee — 1 


STATION 


March 
__2)_ 


Sell 
~404 
Sibi: 


34/7 


,Ocm 
490 


Ao) 


os, 
450 


pak 


SESS 


oe 
Fieve 72 
414 
32 


Foils), 


641 
Bie 
455 
1 Le 
~244 
wea Ole, 


433 


_ ae 


ee 
ey 7 


»404 


Bielsits 
8) 8) 
0 
417 
432 
oe 


500 


DATE 


= 


-444 
5510 


~424 
442 
BS 
Be 
nO 
20716 
462 
461 
-462 


oz 


8 3 


ae 


Rs 
re 18, 
~464 
Peele) 2) 


469 
5S 


ple 


Me dle, 


~450 


640 


s4 1 
4/3 


es 


fa) 5) 


434 


-461 


even 
498 


. 308 
soo8 
Bisley) 
3 Ie 


eS) 


Jom 
S06 


ae 


~44/ 
~444 


0.) 


5 ei 


202 


B20, 


43/7 


Be. 


Ris) cis 


pre (8) IL 


Ap isi 
ee 


»450 


699 


~454 


. 356 


eo 5) 


.665 


ee 


Be) dL 


. 368 


STATION DATE 


Apia 
fe. Se ee ee Oe, el ee 

Bole a2/ -466 PES po. . Ji go 3 

1 » 200 :GBo . Gael Hoy, 4a 2474 

Ce 6 

Sas 5455 oe Sh Meo ~444 and 
: 

2 aas® 209 «316 ~439 ~344 
1. 

lime «G67 4 oul . / Se GG 
ee 2555 

digg aol 65 635 
ir 45/2 
2a cue 2.006 452 way, me OS, 461 09 
oor =. 680 
25 960 -.289 » Jao ~ 348 4a 294 
Vig), 
Zo 2 5m9 Ts) Aro 6 «> ik NS, 292 Oa. 
oo 

Se . 3/2 «Cl 424 - ee sony ~ 372. lyse 
35 
Sy EAC: 05 Boies. ~446 y302 ale 292 
53) 
an O25 Sys Rao Iolo 436 ere 
43 
45 


84 





STATION DATE 


April 
1Q_ eee OS OS eee 


By .212 486 4/4 ee 486 Rett) 3) 435 eo 


IL sg ha “ens ~416 BLE) zo PR os 418 ss 
3 
5 2430 .500 Re l@, ee 441 soe 433 <7 5 
/ 
9 .5k3S Tao peoieye, 441 nicezre B35), eu pte id 
ca 
13 2 Soe BSA 8, ALS -446 Fi e)-0)) a3 
i 
IY 4/1 .441 -460 009 2 POT T 2 ES ys 3 
BS, 
Zl a gesree Soe i} CPZ) orks 9) 
23 
Zz) SOO e en ao lt od) ~404 
ZY 
2S) RB re Be Ss LIL S oro pee) Ik wo ZOO 
oul 
33} SS ey) 
5) 
ay 2S ae leer 417 Re ko. . 507 RLS 
3 
41 5 EAGKey Beer oil 
43 
45 : ea) 413 


85 


STATION DATE 


April 
2l8. 4 2 ae eZ 66 

WOE 481 200 Gaal 
1 meld soa GOS Sips 
3 

3 a / e424 

7 

3 e306 309 ~30/ gaa 
Il 

les ~404 25/9 - 3016 ws 2316 
Is 

7 isd Bic o)% Ss ie) sei) 
ie 
Ze mer 0013 ~46/ 420 bd 
ZS 
25 eto Il wd). 

2/7 ow 7 2S 
23 eee) Las 86 RPS (2) 2 484  saie5 P 
Sil . 

s5 en 2 30 

35 
3/ woos e450 Memeoah 325 GO  —aaieD 
Se) 
41 -406 
43 
45 wo 2 oo2 


86 





APPEND Ia 


Daily Skewness Values in Phi Units 


87 


STATION DATE 


= a a 


March April 
23 _& 24 ee. 2. Ee ao ss 
Liga v2 00 me CA0 =o 2279 
i lige vas ioce 07 9 ole? 
3 splales =a - .099 
5 .'68 —2ae9 .084 -O21 -s128  =@alee 
7 344 
9 oe by 105.8 . 168 062 = 73a lli:/ /0o 1 
ek - .084 
Irs <0/72 .=7576 68 6 6=-Ts =ate7 -073. =3036 
IS - .070 
dhe? -.055 = iiss ~Wi26 (23407) 
ino PES 
By =92560 =5254 HOS -=25 b30 er 21/7 - Ol =s5e08 
ZO = A 
Ze eG / sbOG -EOll -.332 <=,034 =.279 -.315 
vA 


29 2) eo  =e04 -ll3 -2@81 -3063 -3y -7 164 


oS mio -.20> =sal4a -,018 = 2807 ull fant i393 


35 S18 Peels 

Sy eee 014 «6=8040)6 6-042 10353 
Sie, 

41 SLs cin Caae 208: eO74 =5 016 

43 

45 s0o5 2210 FO 7Ae BGS 2 


88 





Sle TON 


A ET GE SE a 


April 
2 
ier - ,094 
i 
bie = O15 
5 140 
yee = .083 
g 
IE 
ike’ CLG 
tee «3-136 
i, 
nm -.401 
al. 
23 -.494 
ZS 
Z7 
yo 6 - O13 
Sul 
bey - «196 
30 
oye = . deol 
ag 
41 
43 
45 


2a 
S(O’, 


pa io 2) 


UG 


» iO 


lsat 


- 041 


-.147 


-.35/ 


409 


By Avge! 


= 00 


-.24/ 


145 


= 2079 


eo) 


DATE 


89 


von 


.096 


.06/ 


043 


O20 


Bet 


5 BS, 


2D 
» 304 


Oz 


hoe 


005 


Ua 


~124 


.066 


poe 


Aa oye) 


——— ee ee ee 


-.145 


i2a8 


-.141 


A eae 


-.240 


Whee: 


ml0)s: S 


149 


-.248 


= 026 


= RZ 


-.203 


- 632 


093 


aes 


STATION DATE 


April 
10 11 di2 a. =e FS) 16 le, 


FO =6320 20 ins a2ekO ee wo) 205 -462 
NM 8 308 leO)7 Bo Ope, Oa rl «20 -2o9 


| 
5 Opi 044 -.034 s032 =slie2 140 Oe 028 
7 
3 sal sOueS 15000 Rls - Lees 20 / . Os) 
det 


i BO ie sOa 058 -.055 -.914 =o] 3 =f oGe 
ie 
ie -.0eg 2059 -.602 -.157 =-.379 =epaO . LS Is 3 
ee, 


Za bol =O o7 -. 1G eal aZlks 
26 

75) ae? -2002 -.436 e202 

27 


foe eee. 6=.03/ «=o 6-002 alg, aig » 1a) 098 
Sil 

33 .035 -.287 

3). 

Sy) 088 2g 2020 =,072 -/42 bd 2) 
a9 

41 ola ~/14 -/14 - ia 141 
43 

45 


20 





STATION 


OS) Ol aes 


lal 
3 
15 
1, 
ne, 
Zl 
7a) 
Z> 
a9) 
in, 
ol 
SS 
52 
a7 
OY, 
41 
43 
45 


April 


18 


——— J 


eos 


~24/ 


025 


BTA, 


086 


sOloZ 


sD 


J1k6S 


‘ZG 
elem 


ple 


(5) 8 


-.148 


SS OSF 
=.4 52 


5 Lees, 


— ee eee 


Oey 


OleZ 


A OLOs. 


5104 


=eleoel 


DATE 

. eo 

- .360 

aS -298 

Jer 

Pillow, OES 

O53 .039 

=~ 10 Or, 

fey = or 

= 4 eon 

200 -.309 

BASE ~205 
-, bys 


Sih 


eS 


083 


002 


Om 


sale) 


APPENDIX G 


Daily Kurtosis "Values in Phi Miaits 


oe 








STATION 


March 
25 


07 6 


843 


~/04 


oy 


Aes, 


ow 2 


Fe glee, 


.665 


643 


344 


26 


Reo, 


~645 


ToS 


Jone 


.042 


Si, 


A021 


s/o 


.894 


oleae) 


444 


a 


sialon 
[Bei 


On 


“oD 


. 2 3 


Pe) 


ilies (0) 5 


3) 7 


499 


28 


ey 3 UIC 


G0 


eZ 


-044 


4.688 


1 Gok 


oul 


ee 


ee) 


eZ 


Jo 


DATE 


_—_ 


TNS 
946 
964 
988 


934 
./66 


7 OS 


eA 


720 


oO 


wie, 
./66 


me om 


Ri cicall 


Bie ee! 
oe/ 


soy 2 
940 


“OG 
5 30, 
26 
874 


5 


ei Si6) 
242 


eee 


1 .Q00 
woe 


a2) 40) 


. 6) 


. G6 


Fieyo) 


= 00m 


342 


April 
i 


iio) she 


eS) 


o/4/ 


Bs 28: 


nee 


842 


-466 


Bisley 


STATION DATE 





April 
ee ae ee! en a oe 
TOL Te@73 ~ leak WD ae ./86 s209 
Ik 7 0 6750 0646 le66 Ieee iar o 
S eo 2 
3 wos -691 1.249 Lge2/ lee 730 
7 
9 nO .685 laelS lags 1,084 
WAL 
ips: ~824 8/0 doe W044 
les) 03 
ley oo LVESs “ie 75 
19 nooo 
valk ew je lil Loa aol 86] ae a7 / 3 
2 8 ees 07) 
A goo = las 3 LeOo/7 86 wa aS “yh a 
e/ 
29 .649 7 wo! 14,309 00] 25902 Ales 
Silk 
S86 is: e241) lakoG 15027 feo) laZzes early 
35 
37 908 moae Bes. -688 16031 1 4@6 reso) 
2) 
41 =.04) _/ legloa we 8 w007 lute »2/9 
43 
45 


94 





April 
__ 10 


Lyrae 310 
eZ 


0 
\ 
3 
S -/40 
z 
9 
i 


LEO es: 
1 
ks} Sa) 
15 
17 702 6 
Og 
eas 
Zo 
Ze li035 
IY 
Zo 4/0 
ol 
Bee S62 
BD 
3 7 oS 
a9 
ayNh ee 
43 
45 


7. 


aSO3 
700 > 


ecu 


64/7 


994 


7 lis 


Riss 


ea 


nowU 


Fe] JLo) 


5 IG 


1502 


__i2_ 


Re O16) 
70 
RA) 
RAILS, 
Ms 7215 
BY AO 


Rise igs, 


ou 


__i3_ 


nie) Ee, 
so00 


1.086 


Wee: (te 


-668 


Mie la lel 


Bi e'sKe, 


wf OS 


oS 


DATE 


14 


Row?! 
a si)e. 


OS 


O76 


Ooo) 


661 


0 


Be OE 


__i>_ 


sao © 
» 00 


0 
Ba, 
ea 
aoe 


“00> 


~604 


rere 


eke) S 
Ay) oye: 


Be ey?. 


oie2 


Pee Ike 


PO) 3) 


Ass ove: 


Oi 


<Io7 


if 


BONE, 
894 


646 
goL4 
5 el, 
ea 


2/4 


a2a6 


O25 


oOo 


’ STATION DATE 


April 
38 2.) ze Oo = Be 

io woo 2.999 oho be, 

iE -964 IeZ06 1.046 Iie 
3 

5 .667 -694 

4 

9 1 er lay gs soi |e wi 6 
Lil 

iS leds ESTO lage: leeoe - 186 
15 

ib? HOa9 Slee 904 1.330 lease 
19 
Zin - leee6: Gieeor 0 eS) oo 745 8 legs 
25 
25 ou polishes, 
Nag PZ ee 25) 
29 nO00 ee geo / -/68 Ilrelo lupe? 
Sul 
38 269 oy 

39 

af) Sua MOH” £5155 Flees .648 46.0 
39 
4l Pee Leo 3 
fps 
45 


96 





DATE 


ate 
ar 


— ae 


March 


nell peel ee 


FrFNMONMLHL HOLL UU 
« SOve@onWw Jeers of 


Hemenieeeem Leet 


Time is Pacific Standard Time 


Crea Oo 


0200 
oZ750 
0330 
0400 
0430 
0530 
0630 


0000 
0030 
0130 
0200 
Ge30 
0430 
CGC 
0130 
O200 
0230 
0250 
0430 
0530 
0600 
O70 
0030 
0130 
e230 
0400 
0500 
0030 
0130 


Tide Maxima and Minima 


ee es 


relative to MLLW 


Lo & 


ow freee 
—~I sO IO CoG ~ 


KH Www fee. ts. ia 
WOOLF OOF FWwoO Wa 6 Ow —)et ew (oe 


0730 
0830 
0930 
1000 
1130 
MC. 
1230 


07 30 
O800 
0930 
0938 
LUS0 
1200 
ys 16 
0600 
0700 
0800 
0830 
O336 
LO. SiC 
1200 
12330 
1430 
0830 
C2s0 
1100 
1200 
1230 
0600 
0730 


a] 


APPENDIX H 


1 


NRE 


(&, 


rob wWW O WW 


mB WONNF Ff 
OWFrFOMWMUWFENAOANOWWENFOLf L © NC 


pe) (en) | eg iy ade a 


2 


1430 
1500 
1530 
[630 
1630 
1630 
Le Ste 


1400 
00 
1818, 


2000 
9 30 
2000 
B00 
1400 
1430 
[509 
les 0 
1600 
1630 
L730 
1800 
1530 
1700 
1800 
1830 
LEO 
1300 
1400 


1 


OO ie ae ee ae ae 


NO BNO 


- NO Go Go No Ov Oy ov U1 2 Lo Go 
ie) I~ Or © SG J eo are ©C bo 


OO 


— a 


2 Oo OV 


2 


PAL NG, 
Zs 
2209 
57,3) 
22730 
(EB NG) 
Zo 


1800 
ee 310 


2200 
2300 


2030 
2030 
2050 
2130 
2 Se 
2238 
2550 
2400 


1900 
2030 
2250) 
2400 


12730 


APPENDIX I 


Average Values of Median Diameter, Standard Deviation, 
Skewness, and Kurtosis by Stations 


(in ear Units) 


STATION Mig 66 _cetps _(my 

OA: 2 20'S ~495 . les FS | / a 

1 2 aloG 402 s Zee L350 

; L820 439 . LG . G62 
: 1.981 ~ 392 . LO6 1. @aZ 
: 1.970 nS Oil: -.083 .083 
E 1.868 ao =-,129 1.268 
1 1.700 eke) 6) - .004 1206 
3 eo & e510 L -.215 . /0®@ 
= 1792 243 - .043 -846 
. 1.899 ee 3 -,0am 1.13@ 
+ 1.897 oS .0eZ Fou 
Bt ie / pa2G . Lia .690 
.- eo 3 -469 ~ 129 D165 


98 





1Q. 


INI TYAL DISTRIBUTION LI S® 


Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 


Library 
Naval Postgraduate School 
Monterey, Galifornia 93940 


Professor W. C. Thompson 

Department of Meteorology and 
Oceanography 

Naval Postgraduate School 

Monterey, Cali tomeara “32940 


Oceanographer of the Navy 
The Madison Building 

732 N. Washington Street 
Alexandria, Virginia 22314 


Dept. of Meteorology & Oceanography 
Naval Postgraduate School 
Monterey, California 93940 


National Oceanographic Data Center 
Wars nisi oa eG 200) 


Naval Oceanographic Office 
Attn: Library 
Weisla@aeeton, D.G. 20590 


Director, Naval Research Laboratory 
Aged: becuse services Inben, Oliucer 
Warchtne comm). CG. . 20370 


Director, Coast & Geodetic Survey 
Department of Commerce 

Attn: Office of Oceanography 
Wace tony. Dem, 202 


Office of Naval Research 

Department of the Navy 

Washington, D. C. 20360 

Attn: Geography Branch (Code 414) 
Attn: Geophysics Branch (Code 416) 


ow 


No. Copies 


20 


i) 


eel eee 


IL 


2. 


hes) 


14. 


Ss 


Officer in Charge 

Fleet Numerical Weather Facility 
Naval Postgraduate School 
Monterey, California 93940 


Director, Maury Center for Ocean Sciences 
Naval Research Laboratory 
Washington, D. CC.” eee 


Commandant of the Marine Corps 
Navy Department (Code DF) 
Washington, D. C. 20360 


Lt. G. Eeisanks. USN 

Glass 25 

U. S. Navell Destrewer Scheel 
Newport, Rhode Island 02840 


Gomdr. D: R. Ferrin, USN (Rei) 


3059 PimeiliapeCci re le 
Marina, California 93955 


100 





Unclassified 


Security Classification 











DOCUMENT CONTROL DATA-R&D 


(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified) 


1. ORIGINATING ACTIVITY (Corporate author) 2a REPORT SECURITY CLASSIFICATION 
nelassified 













Naval Postgraduate School, 
Monterey, California 93940 


3. REPORT TITLE 


2b. GROUP 





A FIELD STUDY OF TIDE-INDUCED SAND MOVEMENT ON DEL MONTE BEACH, 
CALIFORNIA 
4. DESCRIPTIVE NOTES (Type of report and,incfusive dates) 


Thesis 


S$. AUTHOR(S) (First name, middfe initial, fast name) 






Olen &. Eubanks 


June 1968 On FS 


8a. CONTRACT OR GRANT NO. 9a. ORIGINATOR’S REPORT NUMBER(S) 










6b. PROJECT NO. 








9b. Aes tl 
this tah a | 2 jt 
anle; 


Hd Be~ » 






10. DISTRIBUTION STATEMENT 













a a I TT I NA 
11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 





Naval Postgraduate School 
Monterey, California 93940 






13. ABSTRACT 


Beach-elevation measurements were made and sand samples were 
collected daily along a profile extending from the back of the beach 
out to a water depth of approximately 23 feet. Wave and tide data 
were measured continuously at the site. The beach is well sheltered, 
and low swell parallel to the beach predominates. 

Off shore-onshore movement of the plunge point by the tides 
exerts a large influence on the textural parameters which move on 
and off shore with the moving plunge point. The magnitude of tex- 
tural parameter values increases with decreasing wave steepness. Be 
appears that transport of large sand grains by wave and tide action 
produces the observed textural patterns. 

Profile changes are greatest during mid-tide stages when the 


water level and position of the plunge point are changing rapidly. 


) 
DD 1473 (Pace 1) nen Une lasgustied 


S/N 0101-807-6811 Security Classification ee nl wl 


QW 
Security Classification 
LINK A LINK B Litwn ¢ 


_ KEY WORDS 





Beach Profile 
Beach Profile Slope 
Breaker Zone 
Kurtosis 

Median Diameter 
Plunge Pointe 
Sand 

sand Texture 
Sediment 
Skewness 

Orr due 


wave Steepness 
f.- ‘ ta 
oe 


BORN (BACK) 
D novel 473 102 


Mie | igh =e) Pete, Ae 


Security Classcificating Ant 




















